Background: Community-acquired complicated intraabdominal infections (cIAIs) present problems for clinicians and have substantial impact on hospital resources. Because of the polymicrobial nature of these infections, successful management of cIAIs depends on timely and appropriate use of antisepsis and antiinfective strategies. Methods: The literature pertinent to this article was reviewed. Results: The Surgical Infection Society and the Infectious Disease Society of America guidelines recommend a variety of single and combined antimicrobial therapies, including fluoroquinolone therapy, for prophylactic and definitive treatment of cIAIs with different severities. Moxifloxacin, a fluoroquinolone, demonstrates a broad spectrum of antimicrobial (including anaerobic) activity, good tissue penetration into the gastrointestinal tract, and a good tolerability profile. Clinical data also have demonstrated that moxifloxacin is effective as monotherapy for patients with cIAIs. This review identifies the clinical issues impacting antimicrobial selection in cIAI and discusses data on the role of moxifloxacin in light of the current guidelines for management of these patients. Conclusion: Moxifloxacin provides clinicians with a convenient monotherapy option for the treatment of mildto-moderate cIAIs.
C ommunity-acquired complicated intraabdominal infections (cIAIs) are encountered frequently in clinical practice and are associated with substantial morbidity and mortality [1] . Mortality rates between 30% and 50% are not uncommon in patients with severe cIAIs [2] . To manage these infections, substantial hospital resources are required [1] . Rapid diagnosis, coupled with the timely use of appropriate antisepsis and antiinfective strategies, may improve outcomes by preventing death or subsequent infections in many patients [1] . In particular, recent clinical data provide compelling evidence for the important role of fluoroquinolone therapy in treating cIAIs. This review addresses the clinical and bacteriological evidences for the use of moxifloxacin as monotherapy in the treatment of cIAIs.
Intraabdominal Pathophysiology and Infection Classification
Intraabdominal infections can be classified as uncomplicated or complicated. Uncomplicated infections are defined as infectious processes that involve only a single organ, with no anatomical disruption [3] . These infections are often managed with surgical resection alone, without extensive antibiotic therapy, except for preoperative prophylaxis. On the other hand, cIAIs involve infections that extend beyond the hollow viscus of origin into the peritoneal space. These infections are associated with abscess formation or peritonitis and require operative or percutaneous procedures for source control [1, 4, 5] . Infections with predominantly gram-negative aerobes and gram-positive cocci produce secondary peritonitis, whereas anaerobes are predominantly responsible for the development of abscess [6, 7] .
Uncomplicated infections typically include acute cholecystitis, acute diverticulitis, and acute appendicitis [3, 8] . Complicated infections include localized or diffuse peritonitis, including florid fecal peritonitis and complicated diverticulitis or appendicitis with abscess or perforation [1, 8] . Uncomplicated intraabdominal infections may progress to cIAIs depending on the rapidity and appropriateness of treatment [6, 7] . Although many intraabdominal infections are acquired following operative procedures or hospital stay, most intraabdominal infections (80%) are community-acquired [1, 9] .
A variety of aerobic and anaerobic pathogens are involved in the pathophysiology of cIAIs, with the prevalent pathogen depending on the origin of the infection [1] . Common pathogens isolated from the stomach, duodenum, biliary system, and proximal small bowel are gram-positive and gramnegative aerobic and facultative organisms. Gram-negative facultative and aerobic organisms with variable density, along with anaerobes (e.g., Bacteroides fragilis), are frequent isolates from the distal small bowel. Colon-derived infections typically present with facultative or obligate anaerobic organisms such as streptococci and enterococci and frequently include Escherichia coli [1, 4, 5, 10] (Table 1) . Regardless of the location, cIAIs are usually polymicrobial in nature, with anaerobes being the dominant flora [11, 12] . Of the cIAIs encountered, complicated appendicitis and diverticulitis are the most frequent and are predominantly responsible for emergency department visits because of acute abdominal pain.
Appendicitis and Diverticulitis: Common Causes of cIAI
Appendicitis, occurring in 7% of the population over the course of a lifetime, is one of the most common causes of intraabdominal infections and the most common surgical cause of abdominal pain [13] [14] [15] [16] [17] . Because of low suspicion in patients presenting with symptoms, missed diagnosis is a fairly common concern, with rates as high as 20%-40% reported in some patient populations. The use of diagnostic algorithms has been observed to reduce these rates to as low as 6%. In some patients, atypical presentation with normal vital signs, physical examination, or white blood cell counts (10%-30%) may hinder diagnosis. Common pathogens seen in appendicitis are E. coli, Klebsiella spp., Enterococci spp., B. fragilis, and Clostridium spp. [18] .
Diverticulosis, a precursor of diverticulitis, is an acquired phenomenon primarily seen in populations consuming a lowfiber diet [19] [20] [21] [22] [23] . Up to 25% of people with diverticulosis will ultimately develop an infectious complication, the hallmark of which is presentation of lower quadrant pain. Although most patients present with uncomplicated disease, a high recurrence rate (33%) often leads to the development of serious complications. Common offending pathogens include E. coli, Streptococcus spp., B. fragilis, Clostridium spp., and Fusobacterium spp.
Treatment of cIAI
Treatment objectives include controlling the source of infection, eliminating the infecting organisms, decreasing the likelihood of recurrence, shortening the time to infection resolution, restoring anatomy and function, and minimizing the risk of intraabdominal hypertension=abdominal compartment syndrome [1, 24, 25] . Treatment of intra-abdominal infections typically consists of a combination of antimicrobial agents, surgery, and resuscitation. Antibiotics are selected empirically based on anticipated pathogens, and therapy should be initiated as soon as possible and maintained until resolution of clinical symptoms. Surgical interventions consist of abscess drainage, debridement, and source control. Although debridement is a standard component of surgical intervention, evidence of its benefit is lacking. Fluid resuscitation is typically initiated following general surgical resuscitation. Administering antibiotic therapy following initiation of fluid resuscitation restores adequate visceral perfusion, leading to better drug penetration [1, 11, 24, 26, 27] .
The Surgical Infection Society (SIS) [28, 29] and the Infectious Diseases Society of America (IDSA) published guidelines in 2002 and 2003 for the selection of antiinfective agents to treat cIAIs in adults. These guidelines provide evidence-based recommendations for the treatment of cIAI. The IDSA guidelines were endorsed by the SIS, American Society for Microbiology, and Society of Infectious Disease Pharmacists [1] . Treatment should consider the location of infection and pathogens associated with those anatomical areas. For patients with bowel injuries due to penetrating, blunt, or iatrogenic trauma that had been repaired within 12 h but have intraoperative contamination by enteric material, the guidelines recommend no more than 24 h of antimicrobial therapy. Prophylactic therapy is warranted for patients with acute perforations of the stomach, duodenum, and proximal jejunum who have not received antacid therapy or do not suffer from malignancy. Prophylactic therapy is also recommended for patients with acute appendicitis without evidence of gangrene, perforation, abscess, or peritonitis. Patients with acute cholecystitis should be prescribed an antimicrobial if infection is suspected.
Updated guidelines were published by SIS and IDSA in 2010 [30, 31] . In the update, distinction is made between community-acquired and health care-acquired cIAIs, and between low-and high-risk patients among the former (the latter are all considered high-risk). Additionally, certain agents (e.g., ampicillin-sulbactam, cefotetan) were deleted owing to increasing resistance among Enterobacteriaceae and B. fragilis group pathogens, respectively, whereas other agents introduced since the last iteration were added (e.g., doripenem, moxifloxacin). Both the original and updated SIS and IDSA guidelines recommend that the antibiotics used for empirical treatment of community-acquired intraabdominal infections should be active against gram-negative aerobic and facultative bacilli, as well as b-lactam-susceptible gram-positive cocci. The guidelines recommend agents with a narrow spectrum of activity in low-risk community-acquired infections. They caution that agents with broader gram-negative coverage may contribute to the emergence of resistance, in the absence of antimicrobial stewardship. Patients with more severe infections, and those with immunosuppression, may benefit from agents with a broad spectrum of activity.
''Appropriate'' initial parenteral empiric antimicrobial therapy in patients with community-acquired IAIs requiring surgery is associated with improved clinical outcomes and reduced length of hospital stays. Initial empiric antimicrobial therapy was deemed ''appropriate'' if all bacterial isolates were sensitive to at least one of the drugs administered [30] . Thus, knowledge of regional microbiologic profiles of community-acquired and nosocomial intraabdominal infections is important to initiate appropriate empiric antimicrobial therapy for cIAI treatment [33] [34] [35] .
The Role of Fluoroquinolone Antibiotic Therapy in the Management of cIAIs
Fluoroquinolones are associated with high potency, a broad spectrum of activity, relative tolerability, and ease of use and administration [7] . Fluoroquinolones (with and without metronidazole) have become the most commonly prescribed antibiotic in the United States for the treatment of intraabdominal infections [36] . The treatment guidelines do updated address the role of fluoroquinolones and that of specific fluoroquinolone agents [1] .
The 2003 IDSA guidelines recommend a fluoroquinolone (ciprofloxacin, levofloxacin, gatifloxacin, or moxifloxacin) plus metronidazole for the treatment of mild to moderate cIAIs, and ciprofloxacin plus metronidazole for severe cIAIs. However, two important changes occurred with respect to quinolones since the 2003 guidelines were published: Gatifloxacin was withdrawn from the market because of safety concerns, and moxifloxacin gained U.S. Food and Drug Administration (FDA) approval as monotherapy for mild to moderate cIAIs.
Earlier-generation fluoroquinolones, including ciprofloxacin and levofloxacin, are effective against gram-negative pathogens and require combination therapy with agents such as metronidazole to provide adequate gram-positive and anaerobic coverage. It should be noted that levofloxacin is not approved by the FDA for the treatment of cIAI, even though it is used widely in the community for that indication, commonly as a therapeutic substitute for ciprofloxacin. Anaerobic coverage is essential in the treatment of cIAIs; moxifloxacins, have a broad spectrum of coverage that includes gramnegative, gram-positive, and anaerobic pathogens [37] [38] [39] [40] [41] [42] .
Moxifloxacin in cIAIs
The bactericidal action of moxifloxacin results from the inhibition of type II topoisomerases, deoxyribonucleic acid gyrase and topoisomerase IV, which are required for bacterial deoxyribonucleic acid replication, transcription, repair, and recombination. In contrast to ciprofloxacin, moxifloxacin has good in vitro activity against anaerobes, which enhances its ability to treat mixed aerobic=anaerobic infections [43] . Overall, Goldstein et al. [42] found that 83% (763 of 923) of anaerobes isolated from patients with cIAI were susceptible to moxifloxacin at a minimum inhibitory concentration (MIC) of 2 mcg=mL. The efficacy of moxifloxacin in the treatment of experimental intraabdominal abscesses induced by B. fragilis in a murine model was equivalent to clindamycin and higher than metronidazole (cure rates: 57% for metronidazole, 73% for moxifloxacin, and 79%s for clindamycin) [44] . Similarly, moxifloxacin was as effective as imipenem-cilastatin in reducing the mortality rate of mice infected with strains of B. fragilis and E. coli [45] . As increasing trends in antimicrobial resistance among clinically important anaerobes and B. fragilis isolates have been reported, it is important to assess anaerobic susceptibilities in patients with serious infections if possible [46] . A recent summary presented key data used by the Clinical and Laboratory Standards Institute to determine that moxifloxacin anaerobic breakpoints are 2 mcg=mL (susceptible), 4 mcg=mL (intermediate), and !8 mcg=mL (resistant) [47] . Another study, using an ex vivo pharmacodynamic model and done after the breakpoints were established, documented that single doses of both moxifloxacin and levofloxacin administered to normal human volunteers provided bacterial titers (!1:2) in serum for a prolonged period of time against common aerobic and anaerobic pathogens associated with cIAIs [48] .
Pharmacokinetic=pharmacodynamics considerations
Fluoroquinolones share similar mechanisms of action; nevertheless, there are important differences in their pharmacokinetics (PK) and pharmacodynamics. Moxifloxacin and levofloxacin, for example, have demonstrated comparable PK performance in healthy volunteers and have relatively greater bioavailabilities, longer half-lives, and higher free-drug peak concentration (C max ) values than ciprofloxacin [48] .
Drug penetration into abdominal tissue is an important consideration in IAIs. Moxifloxacin had high penetration and accumulation into the mucosa of the stomach, small bowel, and colon in preoperative patients awaiting gastrointestinal surgery [50] . Tissue concentrations were 10.9 AE 5.1 mg=kg in the gastric mucosa, 5.4 AE 0.5 mg=kg in small bowel, and 7.8 AE 7.1 mg=kg (intravenous [IV]) and 6.6 AE 3.6 mg=kg (oral) in the colon. Moxifloxacin concentrations achieved in abdominal tissue, abdominal exudate, and abscess fluid are shown in Table 2 [50] . These tissue concentrations were above the MIC 90 for key pathogens commonly encountered in cIAIs (e.g., E. coli and B. fragilis).
In an in vitro study, moxifloxacin was shown to penetrate and accumulate in abdominal abscess fluid and peritoneal exudate in patients with peritonitis [51] . Stass et al. [51] found that administration of a single IV dose of moxifloxacin 400 mg led to moxifloxacin concentrations in peritoneal exudate that exceeded the MICs against key pathogens in patients with peritonitis. Concentrations in the peritoneal exudate reached a geometric mean of 3.32 mg=L at 1 h, were highest at 2 h after the start of infusion, and declined to 0.69 mg=L at 24 h.
Concentrations in pancreatic tissue for a single oral or IV 400 mg dose of moxifloxacin exceeded MIC 90 for relevant pathogens [52] . Mean moxifloxacin concentrations in that study were 3.1 AE 0.9 and 2.7 AE 1.4 mg=kg at 3-3.7 h post-dose and 3.6 AE 1.5 and 3.1 AE 1.8 mg=kg at 4.3-5.3 h post-dose. Studies have also shown accumulation of moxifloxacin in phagocytic and nonphagocytic leukocytes, demonstrating killing of pathogens that may survive inside phagocytic and non-phagocytic leucocytes [53, 54] .
Another study examined the penetration of moxifloxacin into intraabdominal abscess fluid in a non-randomized, open-label, single-center trial [55] . A single 400 mg dose of moxifloxacin was administered to each of eight patients with CT or ultrasound evidence of a localized intraabdominal abscess requiring interventional drainage but without signs of generalized peritonitis. The abscess fluid:plasma concentration increased continuously from 0.083 (95% CI: 0.047, 0.147) at 2 h after administration to 1.660 (95% CI: 0.935, 2.946) at 24 h; concentrations in abscess fluid tended to exceed those in plasma after 12-24 h. Half-life and mean residence time were longer in abscess fluid than in plasma, suggesting that moxifloxacin accumulates in abscess fluid. The abscess fluid:plasma concentration continued to increase throughout the 24-h sampling period. High intersubject variability for total moxifloxacin concentrations in intraabdominal abscess fluid was noted, suggesting that abscess wall permeability is likely the parameter most strongly influencing moxifloxacin PK in abscess fluid. Comparison with data obtained from other in vitro studies suggests that abscess fluid concentrations above the MICs for common pathogens seen in intra-abdominal infection were maintained for approximately 8 h after administration. However, the confirmation of high concentrations of moxifloxacin in abscesses may not equate to efficacy. However clinical efficacy of moxifloxacin and other quinolones in the treatment of abscesses in a number of locations has been confirmed [56] [57] [58] [59] .
The 24-h area under the curve (0-24 h) and the area under the curve:MIC (50%, 90%) ratio are good pharmacodynamic predictors of antibacterial activities because of the concentration-dependent killing effects of fluoroquinolones [60] [61] [62] . An in vitro study demonstrated that moxifloxacin has activity equivalent to levofloxacin plus metronidazole against E. coli and B. fragilis [63] . Furthermore, time-kill curves for the combination regimen indicated that levofloxacin was responsible for killing E. coli, whereas metronidazole was responsible for killing B. fragilis. In another study, moxifloxacin exhibited good antimicrobial activity against most aerobic (90.8%) and anaerobic (97.1%) pathogens, and moxifloxacin activity against aerobic organisms exceeded the activities of either levofloxacin and ciprofloxacin [41] . Moxifloxacin is available in both oral and IV formulations at the same dosage (400 mg administered once daily), providing flexibility to shift from the parenteral to oral route of administration.
Clinical Evidence in cIAI Patients
Malangoni et al. conducted a randomized, double-blind, multicenter, comparative trial in adults with a cIAI who were randomly assigned to receive sequential IV=oral moxifloxacin (400 mg=day) or the combination of IV piperacillin-tazobactam (3.0=0.375 g every 6 h), followed by oral amoxicillin-clavulanic acid (800=114 mg every 12 h), each for 5-14 days [64] . Overall clinical cure rates at the test-of-cure (TOC) visit (25-50 days posttherapy) for the efficacy-valid population was 80% (146=183) for moxifloxacin and 78% (153=196) for the piperacillintazobactam followed by amoxicillin-clavulanic acid regimen (95% CI: 7.4-9.3). Table 3 presents the clinical cure rates according to infection type [64] .
For hospital-acquired cIAIs, the percentage of patients who had treatment success at TOC was significantly higher with moxifloxacin than the comparator (82% vs. 55%; p ¼ 0.05). Overall bacteriological eradication rates were 78% (117=150) with moxifloxacin and 77% (126=163) with the comparator (95% CI: À9.9, 8.7). The most frequently isolated organisms were E. coli, B. fragilis, Streptococcus anginosus, B.thetaiotaomicron, and Pseudomonas aeruginosa. Table 4 presents the bacteriological eradication rates for each pathogen [62] . Although not specifically evaluated in the study of Malangoni et al. the observed bacteriological eradication rates for B. fragilis suggest that moxifloxacin may have clinical value in the treatment of this most common diverticulitis pathogen [65] .
A randomized, open, international, multicenter study of adults with cIAI compared the efficacy and safety of sequential IV to oral moxifloxacin (400 mg once daily) to that of IV ceftriaxone (2 g once daily) plus metronidazole (500 mg three times daily), followed by oral amoxicillin=clavulanic acid (625 mg three times daily) [66] . The primary efficacy variable was clinical cure at TOC (days 28-42 after study entry) in the per-protocol population. Of 595 patients in the study, 511 patients were valid for per-protocol analysis (246 moxifloxacin, 265 ceftriaxone=metronidazole). Sequential moxifloxacin was non-inferior to the comparator regimen-clinical cure rates at TOC were 80.9% versus 82.3% (moxifloxacin vs. ceftriaxoneþmetronidazole; 95% CI: À8.9, 4.2). The incidence of adverse events was comparable between the two treatment groups. Therefore, sequential moxifloxacin monotherapy is as effective and safe as combination therapy with IV ceftriaxone plus IV metronidazole followed by oral amoxicillin= clavulanic acid for the treatment of cIAI.
Safety of Moxifloxacin in the Treatment of cIAIs
Although other fluoroquinolones have established efficacy in earlier studies (e.g., ciprofloxacin when combined with metronidazole), safety issues have complicated their use for cIAI. The Malangoni et al. study, however, demonstrated safety and tolerability profile for moxifloxacin that is equivalent to the comparator regimen in patients with cIAIs. The most common adverse events reported were nausea, hypokalemia, abdominal pain, and constipation, with the rates of All data are presented as mean AE standard error of the mean. Adapted from Wirtz et al. [50] . IV ¼ intravenous.
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adverse events similar for both treatment regimens. A total of 13 deaths were reported in the study (six in the moxifloxacin group and seven in the comparator group), although none were related to the study drug [65] . The recommended dosage of moxifloxacin (400 mg IV or oral) remains the same for all approved indications and does not require dosage adjustments per indication or route of administration (i.e., oral or IV) [67] . In patients with abnormal renal function, including those with moderate-to-severe renal insufficiency or complete renal failure on dialysis, moxifloxacin does not require dosage adjustment [67] .
Concerns Regarding Clostridium difficile-Associated Diarrhea
Risk factors for Clostridium difficile-associated diarrhea (CDAD) include antimicrobial exposure, advanced age, hospitalization or long-term care facility exposure, immunosuppression, gastrointestinal surgery, feeding tube, and increased gastric pH (proton pump inhibitor exposure) [68, 69] . Fecaloral transmission through the contaminated hands of health care personnel or the environment has been identified as the primary mode of transmission. Fluoroquinolone resistance was identified in a strain of C. difficile following institutional outbreaks of nosocomial diarrhea, leading to reports that fluoroquinolones are associated with the development of CDAD [70] . The epidemic North American pulsed-field gel electrophorsis (NAP)-1 strain of C. difficile has been reported to be more virulent than non-epidemic strains and could lead to changes in the epidemiology of CDAD in the United States [71, 72] . Although the emergence of this strain has been associated with increased toxin production and a demonstrated resistance to fluoroquinolone therapy, this risk has been shown to be mitigated with appropriate infection control practices, including optimal hand hygiene, emphasis on environmental cleaning, stress on the role of antimicrobial stewardship, and use of vancomycin or, in some cases, metronidazole in patients with severe infections [73, 74] .
To address the relationship between colitis or CDAD and the use of fluoroquinolones, a retrospective analysis was conducted using data from 48 phase II and phase III studies that included a total of 21,355 patients on moxifloxacin. The authors concluded that the incidence of either colitis or CDAD among fluoroquinolone-treated patients was no greater than that observed following non-fluoroquinolone therapies [75] . Further evidence comes from the Malangoni et al. study, in which diarrhea was reported in a small percentage of treated patients (5% moxifloxacin, 8% comparator) [64] .
Concerns Regarding Anaerobic Resistance
A recent national survey on the susceptibility of B. fragilis isolates (n ¼ 5,225 from 10 medical centers in the United States) from 1997 to 2004 documented increasing rates of resistance to some antibiotics over the eight-year study period [76] . The rate of resistance to moxifloxacin of B. vulgats was very high (MIC range: 38%-66%). B. fragilis, B. ovatus, B. distasonis, and other Bacteroides spp. exhibited significant increases in the rates of resistance to moxifloxacin over the eight years. A previous publication postulated that the emergence of fluoroquinolone resistance among the Bacteroides species may be related to increasing fluoroquinolone use [77] . Conflicting results have been reported, however, with some studies reporting similar findings [78] [79] [80] and other studies documenting lower rates of resistance to moxifloxacin [40] . Goldstein et al. [40] found that 83% (763 of 923) of anaerobes isolated from patients with cIAI were susceptible to moxifloxacin at an MIC of 2 mcg=mL. No specific information is available in these studies regarding whether these isolates were obtained from patients with health care-associated infections or previous antimicrobial exposure. Based on these data, it is important for each physician to examine anaerobic resistance rates to quinolones and other antimicrobials in their hospital and community when selecting empiric antimicrobials for the treatment of cIAI.
Conclusions
Clinical data are now available on the efficacy and safety of moxifloxacin for the treatment of cIAIs, including diverticulitis with complications and perforated appendicitis with Comparator: IV piperacillin-tazobactam (3.0=0.375 g every 6 h), followed by oral amoxicillin-clavulanic acid (800=114 mg every 12 h).
IV ¼ intravenous; n=N ¼ number of patients cured=total number with infection; cIAIs ¼ complicated intra-abdominal infections. or without abscess, and have been incorporated into updated treatment guidelines based on FDA approval of moxifloxacin as monotherapy for these infections.
Moxifloxacin has good penetration into peritoneal, gastrointestinal, and pancreatic tissue and has demonstrated activity equivalent to that of levofloxacin plus metronidazole combination therapy in cIAIs. Moxifloxacin has a convenient once-daily dosage regimen for all indications and is an important therapeutic option for patients allergic to penicillin or b-lactams. Further, moxifloxacin does not require a dosage adjustment in patients with abnormal renal function. Moxifloxacin clinical data demonstrate adverse events that are comparable in frequency and intensity with those reported with standard therapies used in the treatment of cIAI. Thus, moxifloxacin provides clinicians with a monotherapy option for the treatment of these common infections.
